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Description 



Manufacturing Process for a 
Surface-Mount Metal-Cavity Package for 
an Oscillator Crystal Blank 

Background of Invention 

[0001] This invention relates to electronics packaging, and more 
particularly to packages with metal cavities for crystal os- 
cillators. 

[0002] Precise clocks for electronic systems are often generated 
by a crystal oscillator that is coupled to a crystal blank. 
The crystal oscillator applies a voltage difference across 
the crystal blank, causing the crystal blank to vibrate at a 
desired frequency. The crystal oscillator can then amplify 
and buffer this oscillating signal from the crystal blank to 
output a clock. 

[0003] Crystal blanks can be packaged in various packages, such 
as dual-inline-pin (DIP) packages made of materials such 
as plastic, ceramic, or metal. However, DIP packages have 
pins that are inserted into holes in a printed-circuit board 



(PCB), thus requiring board space on both sides of the 
PCB. 

[0004] Surface-mount pacl<ages have pins or leads that are bent 
to be parallel to the PCB surface, or may have solder balls 
or flat pads for soldering to one surface of the PCB. The 
surface-mount package does not require holes in the PCB, 
so only one side of the PCB is occupied by the surface- 
mount package, saving board space. Also, surface mount 
packages tend to be smaller that DIP packages. 

[0005] Crystal blanks have been packaged in ceramic surface- 
mount packages. It is desirable to mount crystal blanks in 
metal packages for some applications. A lower cost pack- 
aging process may result, and development times may be 
reduced. A metal, surface- mount package for a crystal 
blank is desirable. 
Brief Description of Drawings 

[0006] Figure 1 shows a metal surface-mount package for a 
crystal blank. 

[0007] Figures 2A-K show steps in a process to make the metal 
surface-mount crystal package that operate on the under- 
side surface. 

[0008] Figures 3A-D show steps in a process to make the metal 
surface-mount crystal package that operate on the top- 



side surface. 

[0009] Figure 4A is a top view and Fig. 4B is a cross-sectional 

side view of tlie surface- mount metal package body pro- 
duced by the process of Figs. 2-3. 

[0010] Figure 5 is a flowchart of a first process for making a sur- 
face-mount package having a metal package body. 

[0011] Figure 6 is a flowchart of a continuation of the first pro- 
cess operating on the other side of the metal sheet. 

[0012] Figure 7 is a flowchart of a second, alternative process for 
making a surface-mount package having a metal package 
body. 

[0013] Figures 8A-K show steps in an annular-etch process to 

make the metal surface-mount crystal package that oper- 
ate on the mounting surface. 

[0014] Figures 9A-B show steps in a process to make the metal 
surface-mount crystal package that operate on the top- 
side surface. 

[0015] Figure lOA is a top view and Fig. lOB is a cross-sectional 
side view of the surface-mount metal package body pro- 
duced by the annular process of Figs. 7-9. 
Detailed Description 

[0016] The present invention relates to an improvement in sur- 
face-mount packages fro crystal blanks. The following 



description is presented to enable one of ordinary sl<ill in 
tlie art to mal<e and use the invention as provided in tlie 
context of a particular application and its requirements. 
Various modifications to the preferred embodiment will be 
apparent to those with skill in the art, and the general 
principles defined herein may be applied to other embodi- 
ments. Therefore, the present invention is not intended to 
be limited to the particular embodiments shown and de- 
scribed, but is to be accorded the widest scope consistent 
with the principles and novel features herein disclosed. 

[0017] Figure 1 shows a metal surface-mount package for a 
crystal blank. Metal package body 18 is made from a 
metal such as copper, a copper alloy, a nickel-iron alloy, 
or other metals or alloys. Within inner cavity 10 of metal 
package body 18 is mounted crystal blank 14, which can 
be a quartz crystal that vibrates at a frequency when an 
electric field is applied. 

[0018] Cover 16 can be a lid of metal or other material with good 
moisture resistance and stiffness. Cover 16 covers the top 
opening of inner cavity 10 after crystal blank 14 is 
mounted within inner cavity 10. 

[0019] The surface-mount package is soldered to a surface of a 
PCB by applying solder paste to the underside of external 



pads 32. When the surface mount package is placed on 
the surface of the PCB, external pads 32 are aligned to 
pad areas on the PCB, and heat is applied to re-flow the 
solder paste and form solder bonds to external pads 32. 

[0020] Crystal blank 14 has metal electrodes 15, 17 formed on 
its surfaces. Electrodes 15, 17 connect to external pads 
32 through via metal 34 and conductive epoxy 12. Con- 
ductive epoxy 12 electrically conducts and is attached to 
one of the electrodes of crystal blank 14, while a second 
drop of conductive epoxy 12 is attached to the other elec- 
trode. For example, conductive epoxy 12 for the left ex- 
ternal pad 32 may connect to the top electrode of crystal 
blank 14, while another external pad 32 on the right may 
have conductive epoxy 12 that attaches only to the bot- 
tom electrode of crystal blank 14. Electrodes on crystal 
blank 14 may be patterned, with cut outs to prevent un- 
desired contact to conductive epoxy 12. Other orienta- 
tions of electrodes and attachment to conductive epoxy 
drops within the package are possible. 

[0021] Insulator 22 is formed on the bottom of metal package 
body 18 to prevent electrical shorting between external 
pads 32 and metal package body 18. Insulator 22 is also 
formed on the side walls of via metal 34 to prevent elec- 



trical shorting of via metal 34 to metal package body 18. 
[0022] Crystal blank 14 is mechanically held within inner cavity 
10 by two drops of conductive epoxy that connect to dif- 
ferent electrodes on the crystal blank, and two different 
vias to different external metal pads. The attachment 
points to the crystal blank may be on the same side of the 
blank, or on opposite sides, or have some other orienta- 
tion. 

[0023] Simple Etch Process - Figs. 2-8 

[0024] Figures 2A-K show steps in a process to make the metal 
surface-mount crystal package that operate on the under- 
side surface. In Fig. 2A, a sheet of metal material such as 
copper, copper-alloy, nickel-iron, or other metal is the 
starting material. This metal forms metal package body 
18. In Fig. 2B, a photo-sensitive layer such as a photo-re- 
sist is placed on the top surface of the metal sheet, such 
as by spinning it on. Resist layer 26 is then exposed using 
a mask to shade portions of it and developed, leaving one 
or more holes or openings in resist layer 26 as shown in 
Fig. 2C. 

[0025] In Fig. 2D, etching is performed to create half-etched cav- 
ity 28 in metal package body 18 where the opening in re- 
sist layer 26 has exposed metal package body 18 to the 



etchant. Resist layer 26 is then removed, leaving metal 
package body 18 with half-etched hole 28 in it, as shown 
in Fig. 2E. 

[0026] Insulator 22 is then deposited over the surface of metal 
package body 18 (Fig. 2F). Half-etched cavity 28 is filled 
in with insulator 22. A flat top surface to insulator 22 can 
be achieved by a spin-on insulating material that can flow 
to fill in half-etched cavity 28. Alternately, insulator 22 
can be deposited to fill in half-etched cavity 28 and then 
etched back to provide a flat surface to metal package 
body 18, and then additional insulator 22 material can be 
deposited over the flat surface of metal package body 18. 

[0027] A mechanical drill, laser, or a chemical etch can be used 
to make drilled via 29 in insulator 22 that filled in half- 
etched cavity 28. Since drilled via 29 is smaller in surface 
area than half-etched cavity 28, some of insulator 22 re- 
mains inside half-etched cavity 28 along the walls of 
metal package body 18. However, the bottom of drilled 
via 29 reaches through insulator 22 to reach metal pack- 
age body 18, as shown in Fig. 2G. 

[0028] In Fig. 2H, a thin layer of gold and then a thin layer of 

nickel are plated onto the bottom of drilled via 29. Plated 
metal layer 30 is formed on the bottom of drilled via 29 



where metal package body 18 is exposed and not over in- 
sulator 22, since plating occurs where the exposed sur- 
face can be electrically charged. Insulator 22 is not elec- 
trically charged because it is not a conductor. An electrical 
insulating material may be placed on the opposite surface 
to prevent plating on other surfaces. 
[0029] In Fig. 21, plating continues after plated metal layer 30 is 
deposited. A thicker layer of copper is plated over thin 
plated metal layer 30. Enough copper is plated to fill in 
drilled via 29 to the surface of insulator 22, forming via 
metal 34. 

[0030] In Fig. 2J, a layer of metal is deposited over insulator 22 
and over via metal 34. This metal layer is used to form all 
of external pads 32. This metal makes electrical contact 
with via metal 34 but is insulated from metal package 
body 18 by insulator 22. Rather than deposit the metal, a 
metal foil such as a copper foil may be laminated onto the 
surface. 

[0031] In Fig. 2K, another resist layer 36 is deposited over the 

top metal layer forming external pads 32. This resist layer 
36 is exposed using a mask and developed to form pat- 
terns in resist layer 36. Openings in resist layer 36 expose 
the top metal layer for etching. After metal etching, only 



external pads 32 in the top metal layer remain, as shown 
in Fig. 2L after removal of resist layer 36. 

[0032] Figures 3A-D shows steps in a process to make the metal 
surface-mount crystal package that operate on the top- 
side surface. The partially- formed surface mount package 
of Fig. 2K is flipped over so that steps can be operated on 
the top-side surface rather than the bottom or under-side 
surface of metal package body 18. 

[0033] In Fig. 3A, the inverted metal package body 18 has photo- 
resist layer 25 applied to the surface opposite external 
pads 32. Resist layer 25 is exposed using a mask or a 
scanning beam, and developed (Fig. 3B). Then etching is 
performed to make inner cavity 10, and the remaining 
portions of resist layer 25 are removed. Fig. 3C. Since 
plated metal layer 30 may be made from a more durable 
metal than metal package body 18, plated metal layer 30 
may resist etching and protrude somewhat from the bot- 
tom of inner cavity 10 as shown. 

[0034] The metal sheet containing many metal package bodies 
18 can be separated into panels of a few metal package 
bodies 18. Scribe lines can be pre-etched to facilitate later 
separating into individual metal package bodies 18 to re- 
move stress when sawing. Alternatively, separating into 



panels and into individual packages can be performed by 
sawing or other cutting. 

[0035] In Fig. 3D, conductive epoxy 12 is applied to plated metal 
layer 30 within inner cavity 10. Plated metal layer 30 over 
via metal 34 acts as an attach pad. Then crystal blank 14 
is placed over inner cavity 10, aligned, and pushed into 
conductive epoxy 12. Conductive epoxy 12 is then cured, 
such as by exposure to heat or ultra-violet or other light. 

[0036] Cover 16 is then attached to metal package body 18 over 
inner cavity 10. Cover attachment can be performed in a 
pure nitrogen-gas (N2) atmosphere to keep moisture out 
of inner cavity 10 during sealing. After assembly the indi- 
vidual metal package bodies 18 on a panel can be sepa- 
rated by sawing the scribe lines between metal package 
bodies 18. 

[0037] Conductive epoxy 12 can be applied as two drops or balls 
as shown in Fig. 3D, or as a single drop or ball as shown 
in Fig. 1. One of the electrodes on crystal blank 14 is con- 
tacted by conductive epoxy 12. 

[0038] Figure 4A is a top view and Fig. 4B is a cross-sectional 
side view of the surface-mount metal package body pro- 
duced by the process of Figs. 2-3. Cover 16, crystal blank 
14, and conductive epoxy 12 are removed in these dia- 



grams. 

[0039] Four external pads 32 are formed near the four corners of 
metal package body 18. Since there are only two terminals 
of crystal blank 14, pairs of these external pads 32 may 
be shorted together, or two may be left floating and used 
for mechanically supporting metal package body 18 when 
surface-mounted to a PCB. 

[0040] Inside inner cavity 10 are two circles of plated metal layer 
30, each one over via metal 34 that connects to one of the 
underlying external pads 32. Electrical connection from 
crystal blank 14 inside inner cavity 10 is provided through 
plated metal layer 30 and via metal 34 to external pads 
32. 

[0041] Plated metal layer 30 and via metal 34 are separated from 
metal package body 18 by insulator 22 on the sides of via 
metal 34, forming a doughnut or ring shape around 
plated metal layer 30 as shown in the top view (Fig. 4A). 

[0042] Edge connecting metal pads 40 connect to all external 
pads 32, and to the edge of the package. When many 
packages are formed on a panel, these edge connecting 
metal pads 40 connect to metal lines within the scribe 
lines between packages, and can be powered during plat- 
ing. Thus external pads 32 are electrically charged during 



plating by connection witli buses in tlie scribe lines 
through edge connecting metal pads 40. The scribe-line 
buses are disconnected, isolating each external pad 32, 
during package separation or sawing of the scribe lines. 

[0043] Figure 5 is a flowchart of a first process for making a sur- 
face-mount package having a metal package body. This 
first embodiment corresponds to Figs. 1-4. The base ma- 
terial is a metal such as copper, copper-alloy, or iron- 
nickel, step 50. The material can be a sheet that allows for 
many metal package bodies 18 to be formed thereon. 
Photo-resist is applied to one surface of the metal sheet, 
step 52, and the photo resist is exposed using a pattern 
and developed. The openings in the developed photo-re- 
sist are etched, step 54, to create the half-etched cavities 
28. The remaining photo-resist is stripped off. 

[0044] A moisture-resistant insulating material such as glass or a 
silica-filled polymer epoxy material is applied to the sur- 
face of the metal sheet, and the insulator fills in the half- 
etched cavities, step 56. A laser or drill is used to drill a 
hole in the middle of the half-etched cavities that were 
filled in with the insulator. The drill drills through the in- 
sulator within the cavities to reach the underlying metal, 
step 58. These are the drilled vias 29. Insulator remains 



around the perimeter walls of the drilled vias. 

[0045] The drilled vias are filled with plated metal, step 60. A 
gold-nickel plated metal contact layer is first formed at 
the bottom of the drilled vias. Then the rest of the drilled 
vias are filled in with plated copper up to the surface level 
of the metal sheet. 

[0046] A prepeg preparation process (such as application of a 

compound of insulating glass fibers and epoxy) is used to 
prepare the surface of the metal sheet for lamination, and 
then copper foil is laminated onto the surface of the metal 
sheet, step 62. The drilled vias that were filled in with the 
plated copper in step 60 are also covered with the lami- 
nated copper foil, which makes a good electrical contact 
with the filled-in vias. 

[0047] Photo-resist is applied to the copper-foil surface, and ex- 
posed and developed to form a pattern of external pads 
32 and any connecting buses or traces, step 64. A metal 
etch is then performed, step 66, to pattern the copper foil 
into external pads 32 and any connecting traces. 

[0048] Figure 6 is a flowchart of a continuation of the first pro- 
cess operating on the other side of the metal sheet. The 
metal sheet produced by the first process of Fig. 5 is 
flipped over and the other surface operated upon. Photo- 



resist is applied to this other side, which is the lid or cover 
side of the metal package body, step 68. The photo-resist 
is exposed and developed. A metal etch, step 70, creates 
the inner cavities by etching away metal from the opening 
in the photo-resist. Etching is continued to a depth that 
reaches the gold or nickel plated metal layer 30 over via 
metal 34 in the drilled vias. 

[0049] A nickel-gold plating is performed on the via areas within 
the inner cavities 10, step 72. Plating occurs where metal 
is connected to a charge. The external pads 32 can be 
connected to a power supply while the metal package 
bodies 18 are uncharged or grounded to perform plating 
on plated metal layer 30 over the drilled vias and not on 
the metal package bodies and the non-via body metal 
within inner cavities 10. 

[0050] The metal sheet is scribed, etched, or cut into smaller 

panels, step 74. For example, a metal sheet of 100 metal 
package bodies 18 may be separated into several panels 
of 8 metal package bodies 18 per panel. Different sizes of 
packages, panels, and metal sheets can lead to a wide va- 
riety of different numbers of packages per panel and per 
sheet. 

[0051] A drop of conductive epoxy 12 is applied to the plated 



metal layer over the filled-in vias within inner cavities 10, 
and crystal blank 14 aligned and pushed into the conduc- 
tive epoxy drop, step 76. The conductive epoxy is cured, 
step 78. The crystal blank may be tested and adjusted for 
frequency, step 80. Bad packages or crystal blanks could 
be marked such as by inking, or by remembering loca- 
tions of bad parts. 

[0052] Nitrogen or other inert gas is blown over inner cavities 10, 
or a vacuum is applied, as the cover is aligned and at- 
tached to seal inner cavity 10, step 82. The panel is then 
cut into individual metal package bodies that are assem- 
bled with the crystal blanks inside the inner cavities, step 
84. Further testing could be performed. 

[0053] Annular Etch Process - Figs. 7-10 

[0054] Figure 7 is a flowchart of a second, alternative process for 
making a surface-mount package having a metal package 
body. This second embodiment corresponds to Figs. 
8-10. The base material is a metal such as copper, cop- 
per-alloy, or iron-nickel, step 50. The material can be a 
sheet that allows for many metal package bodies 18 to be 
formed thereon. Photo-resist is applied to one surface of 
the metal sheet, step 52, and the photo resist is exposed 
using a pattern and developed. The openings in the de- 



veloped photo-resist are etched, step 55, to create etched 
ring slot 27. The remaining photo-resist is stripped off. 

[0055] Rather than have one circular opening per via, as in the 
first process, an annular or ring opening in the photo-re- 
sist is made. The ring opening has the middle filled in 
with the original sheet metal of body 18, like a doughnut 
rather than a solid round pie. Drilling and filling in the 
drilled hole with copper metal is not required. The ring 
opening produces an annular slot in the metal package 
body 18 after etching. Etched ring slot 27 appears as a 
ring from the top (similar in shape to the ring of insulator 
22 in Fig. lOA), or as two slots from the cross-sectional 
side view (Fig. 8D). 

[0056] A moisture-resistant insulating material such as glass or a 
glass-silica filled polymer epoxy material is applied to the 
surface of the metal sheet, and the insulator fills in etched 
ring slot 27, step 57. This produces a ring of insulator 22. 
A prepeg preparation process (such as glass fibers in an 
epoxy) is used to prepare the surface of the metal sheet 
for later lamination, step 59. 

[0057] An opening in the top insulator is formed, and this open- 
ing is plated with metal filler 33 to fill it in with metal over 
the metal island, step 61. Since the metal island in the 



middle of etched ring slot 27 was never drilled, insulator 
22 in etched ring slot 27 remains around the perimeter 
walls of the metal-island. 
[0058] The metal island becomes via metal 34, although it is not 
etched and plated, but is formed from the original metal 
sheet. 

[0059] Copper foil is laminated onto the surface of the metal 

sheet, step 63. Etched ring slot 27 that was filled in with 
the insulator, and metal filler 33, are covered over by 
plated copper in step 63 with the laminated copper foil. 

[0060] Photo-resist is applied to the copper-foil surface, and ex- 
posed and developed to form a pattern of external pads 
32 and any connecting buses or traces, step 64. A metal 
etch is then performed, step 66, to pattern the copper foil 
into external pads 32 and any connecting traces. The pro- 
cess continues with the same flow described in Fig. 6. 

[0061] Figures 8A-K show steps in an annular-etch process to 

make the metal surface-mount crystal package that oper- 
ate on the underside surface. In Fig. 8A, a sheet of metal 
material such as copper, copper-alloy, nickel-iron, or 
other metal is the starting material. This metal forms 
metal package body 18. In Fig. 8B, a photo-sensitive layer 
such as a photo-resist is placed on the top surface of the 



metal sheet, such as by spinning it on. Resist layer 26 is 
then exposed using a mask to shade portions of it and 
developed, leaving one or more holes or openings in re- 
sist layer 26 as shown in Fig. 8C. 
[0062] In Fig. 8D, etching is performed to create etched ring slot 
27 in metal package body 18 where the opening in resist 
layer 26 has exposed metal package body 18 to the 
etchant. Resist layer 26 is then removed, leaving metal 
package body 18 with etched ring slot 27 in it, as shown 
in Fig. 8E. 

[0063] Insulator 22 is then deposited over the surface of metal 
package body 18 (Fig. 8F). Etched ring slot 27 is filled in 
with insulator 22. A flat top surface to insulator 22 can be 
achieved by a spin-on insulating material that can flow to 
fill in etched ring slot 27. Alternately, insulator 22 can be 
deposited to fill in etched ring slot 27 and then etched 
back to provide a flat surface to metal package body 18, 
and then additional insulator 22 material can be deposited 
over the flat surface of metal package body 18. 

[0064] In Fig. 8G, another resist layer is spun on, exposed, and 
developed. Insulator 22 is etched where openings in the 
resist layer are, such as over the middle metal island 
within etched ring slot 27. The resist layer is removed. 



leaving the opening in insulator 22 above the metal island 
in the middle of filled-in etched ring slot 27. 
[0065] In Fig. 8H, metal filler 33 is formed in the opening in in- 
sulator 22 by electroplating. The metal in package body 
18 between filled-in etched ring slot 27 acts as via metal 
34. 

[0066] In Fig. 81, a layer of metal is deposited over insulator 22 
and over metal filler 33 that is over via metal 34. This 
metal layer is used to form all of external pads 32. This 
metal makes electrical contact with metal filler 33 but is 
insulated from metal package body 18 (outside of via 
metal 34) by insulator 22. Rather than deposit the metal, a 
metal foil such as a copper foil may be laminated onto the 
surface. 

[0067] In Fig. 8J, another resist layer 36 is deposited over the top 
metal layer forming external pads 32. This resist layer 36 
is exposed using a mask and developed to form patterns 
in resist layer 36. Openings in resist layer 36 expose the 
top metal layer for etching. After metal etching, only ex- 
ternal pads 32 in the top metal layer remain, as shown in 
Fig. 8K after removal of resist layer 36. 

[0068] Figures 9A-D show steps in a process to make the metal 
surface-mount crystal package that operate on the top- 



side surface. The surface mount package of Fig. 8K is 
flipped over so tliat steps can be operated on tlie top-side 
surface ratlier tlian tlie bottom or under-side surface of 
metal package body 18. 
[0069] The inverted metal package body 18 has a photo-resist 
layer applied to the surface opposite external pads 32. 
The resist layer is exposed using a mask or a scanning 
beam, and developed. Then etching is performed to make 
inner cavity 10, and the remaining portions of resist layer 
25 are removed, Fig. 9A. A plated metal layer 30 may be 
electroplated with a more durable metal than metal pack- 
age body 18. Plated metal layer 30 may resist etching and 
protrude somewhat from the bottom of inner cavity 10 as 
shown. Some processes may skip plated metal layer 30 al- 
together. 

[0070] The metal sheet containing many metal package bodies 
18 can be separated into panels of a few metal package 
bodies 18. Scribe lines can be pre-etched to facilitate later 
separating into individual metal package bodies 18 to re- 
move stress when sawing. Alternatively, separating into 
panels and into individual packages can be performed by 
sawing or other cutting. 

[0071] In Fig. 9B, conductive epoxy 12 is applied to plated metal 



layer 30 within inner cavity 10. Plated metal layer 30 over 
via metal 34 acts as an attach pad. Then crystal blank 14 
is placed over inner cavity 10, aligned, and pushed into 
conductive epoxy 12. Conductive epoxy 12 is then cured, 
such as by exposure to heat or ultra-violet or other light. 
[0072] Cover 16 is then attached to metal package body 18 over 
inner cavity 10. Cover attachment can be performed in a 
pure nitrogen-gas (N2) atmosphere to keep moisture out 
of inner cavity 10 during sealing. After assembly the indi- 
vidual metal package bodies 18 on a panel can be sepa- 
rated by sawing the scribe lines between metal package 
bodies 18. 

[0073] Conductive epoxy 12 can be applied as two drops or balls 
as shown in Fig. 9D, or as a single drop or ball as shown 
in Fig. 1. One of the electrodes on crystal blank 14 is con- 
tacted by conductive epoxy 12. 

[0074] Using the annular process, insulator 22 has an overhang 
or lip that protrudes into via metal 34 as can be seen in 
Fig. 9B. This lip may produce more reliable packages since 
via metal 34 is better sealed from moisture. This second 
process may be simpler to implement. 

[0075] Figure lOA is a top view and Fig. lOB is a cross-sectional 
side view of the surface-mount metal package body pro- 



duced by the annular process of Figs. 7-9. Cover 16, crys- 
tal blank 14, and conductive epoxy 12 are removed in 
these diagrams. 

[0076] Four external pads 32 are formed near the four corners of 
metal package body 18. Since there are only two terminals 
of crystal blank 14, pairs of these external pads 32 may 
be shorted together, or two may be left floating and used 
for mechanically supporting metal package body 18 when 
surface-mounted to a PCB. 

[0077] Inside inner cavity 10 are two circles of metal filler 33 and 
via metal 34, each one connecting to one of the underly- 
ing external pads 32. Electrical connection from crystal 
blank 14 inside inner cavity 10 is provided through via 
metal 34 to external pads 32. Via metal 34 is the metal 
body sheet within the annular ring of insulator 22 that 
filled in etched ring slot 27. 

[0078] Via metal 34 is separated from metal package body 18 by 
insulator 22 on the sides of via metal 34, forming a 
doughnut or ring shape around plated metal layer 30 as 
shown in the top view (Fig. lOA). 

[0079] Insulator 22 protrudes into via metal 34 rather than end- 
ing at the edge of via metal 34 as shown for Fig. 4B. This 
may provide better moisture resistance and increased reli- 



ability. Inner cavity 10 may be better sealed by the overlap 
of insulator 22 and via metal 34. Edge connecting metal 
pads 40 connect to all external pads 32, and to the edge 
of the package. When many packages are formed on a 
panel, these edge connecting metal pads 40 connect to 
metal lines within the scribe lines between packages, and 
can be powered during plating. Thus external pads 32 are 
electrically charged during plating by connection with 
buses in the scribe lines through edge connecting metal 
pads 40. The scribe-line buses are disconnected, isolating 
each external pad 32, during package separation or saw- 
ing of the scribe lines. 
[0080] ALTERNATE EMBODIMENTS 

[0081] Several other embodiments are contemplated by the in- 
ventor. For example various materials may be used fro in- 
sulator 22, resist layer 26, via metal 34, and metal pack- 
age body 18. Rather than use light to expose the photo- 
resist, an electron beam or X-ray beam or other radiation 
may be used to expose the resist. The drilled vias may be 
formed using a laser, mechanical drill, or a chemical etch, 
or some combination. More complex circuits could be en- 
capsulated within inner cavity 10, or more than one die 
could be placed within inner cavity 10. 



[0082] In another embodiment, a second chip with the oscillator 
circuit may be placed inside the same surface-mount 
package with the crystal blank. 

[0083] Terms such as up, down, top, bottom, etc. are relative and 
can be interchangeable, depending on orientation. For ex- 
ample, the mounting surface that has the external pads 
can be the bottom surface when mounted to the top side 
of a PCB, but be a top surface when mounted to a bottom 
surface of the PCB. During manufacturing, the work piece 
may be flipped, rotated, etc. several times. 

[0084] The plated metal layer contact pads could be part of the 
via metal rather than a separate layer. A sharp or a grad- 
ual change or gradient in alloy composition of the plated 
metal layer and via metal could be produced. Other layers 
could be inserted. 

[0085] Additional features and devices could be formed by the 
process, such as unused or unconnected external pads, 
wiring traces, capacitors, resistors, etc. Modified half- 
etched cavities and drilled vias could be included that 
short one or more of the external pads to the metal pack- 
age body. Rather than ring or circle shapes, other shapes 
could be used for the half-etched cavities, drilled vias, 
and etched ring slots. 



[0086] Any advantages and benefits described may not apply to 
all embodiments of the invention. When the word "means" 
is recited in a claim element, Applicant intends for the 
claim element to fall under 35 USC Sect. 112, paragraph 
6. Often a label of one or more words precedes the word 
"means". The word or words preceding the word "means" 
is a label intended to ease referencing of claims elements 
and is not intended to convey a structural limitation. Such 
means-plus-function claims are intended to cover not 
only the structures described herein for performing the 
function and their structural equivalents, but also equiva- 
lent structures. For example, although a nail and a screw 
have different structures, they are equivalent structures 
since they both perform the function of fastening. 
Cl""aims that do not use the word 

[0087] The foregoing description of the embodiments of the in- 
vention has been presented for the purposes of illustra- 
tion and description. It is not intended to be exhaustive or 
to limit the invention to the precise form disclosed. Many 
modifications and variations are possible in light of the 
above teaching. It is intended that the scope of the inven- 
tion be limited not by this detailed description, but rather 
by the claims appended hereto. 



